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(57) ABSTRACT 

A Pt ?lm (24), a PLZT ?lm (25), and a top electrode ?lm 
(26) are formed above a semiconductor substrate (11). Next, 
the top electrode ?lm (26) is patterned. Then, a PLZT ?lm 
(27) covering an exposed portion of the PLZT ?lm (25) is 
formed as an evaporation preventing ?lm. Then, heat treat 
ment is performed in an oxidative atmosphere to recover 
damage sustained to the PLZT ?lm (25). Heat treatment is 
not performed between patterning of the top electrode ?lm 
(26) and formation of the PLZT ?lm (27). Thereafter, a 
ferroelectric capacitor is formed by patterning the PLZT ?lm 
(25) and the Pt ?lm (24). 
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METHOD OF MANUFACTURING 
SEMICONDUCTOR DEVICE 

TECHNICAL FIELD 

[0001] The present invention relates to a method of manu 
facturing a semiconductor device suitable for manufacturing 
a ferroelectric capacitor. 

BACKGROUND ART 

[0002] In recent years, as digital technology has pro 
gressed, it has become increasingly common to process or 
store large amount of data at high speed. Accordingly, there 
is demand for highly integrated, high performance semicon 
ductor device for use in electronic devices. 

[0003] Accordingly, in order to realiZe high integration of 
semiconductor storage devices (DRAM), extensive research 
and development have been carried out for a technology 
using a ferroelectric material or a high dielectric constant 
material instead of a silicon oxide or a silicic acid nitride as 
a capacitor insulating ?lm of a capacitor element constitut 
ing DRAM. 

[0004] Furthermore, in order to realiZe a non-volatile 
RAM Which can perform both Write and read operation at 
loW voltage and high speed, active research and develop 
ment have been made for a ferroelectric memory (FeRAM) 
using a ferroelectric ?lm having a spontaneous polariZation 
characteristic as a capacitor insulating ?lm. 

[0005] Ferroelectric memory (FeRAM) stores information 
utiliZing a hysteresis characteristic of the ferroelectric. In 
ferroelectric memory, ferroelectric capacitors having a fer 
roelectric ?lm are provided for each memory cell as a 
capacitor dielectric ?lm betWeen a pair of electrodes. Polar 
iZation occurs according to applied voltage betWeen elec 
trodes in the ferroelectric material, and after the applied 
voltage is removed, a spontaneous polariZation still remains. 
When the polarity of the applied voltage is reversed, the 
polarity of the spontaneous polariZation also reverses. 
Accordingly, if spontaneous polariZation is detected, infor 
mation can be read out. Furthermore, When compared With 
?ash memory, ferroelectric memory can operate under a loW 
voltage, Which makes it possible to Write at high speed at a 
poWer-thrifty state. 

[0006] The ferroelectric ?lm used in FRAM is formed 
from a PZT series material such as lead Zirconium titanate 
(PZT), La doped PZT (PLZT) or the like, a Bi-layer struc 
tured compound or the like such as SrBi2Ta2O9 (SBT, Y1), 
SrBi2(Ta, Nb)2O9 (SBTN, YZ) or the like. 

[0007] Conventionally, a sol-gel method or a sputtering 
method has been used as a ?lm formation method of a 
ferroelectric thin ?lm. By these ?lm formation methods, an 
amorphous phase ferroelectric ?lm is formed above a bot 
tom electrode ?lm, and then, the ferroelectric ?lm is crys 
talliZed into a Perovskite structured crystal by heat treat 
ment. After the crystallization of the ferroelectric ?lm, a top 
electrode ?lm is formed. During this stage, the ferroelectric 
?lm is vulnerable to physical damage mainly by high energy 
sputtering particles at this time. As a result of such damage, 
a portion of the ferroelectric ?lm crystal structure may be 
destroyed and the characteristics of the capacitor element are 
caused to deteriorate. 
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[0008] Therefore, in order to recover such deterioration of 
capacitor element characteristics, treatment like the folloW 
ing has been conventionally carried out. In a ?rst conven 
tional method, heat treatment is carried out in an oxygen 
atmosphere after patterning the top electrode ?lm. In a 
second conventional method, heat treatment is carried out in 
an oxygen atmosphere after patterning the top electrode ?lm 
and the ferroelectric ?lm. In a third conventional method, 
heat treatment is carried out in an oxygen atmosphere after 
forming a capacitor element by patterning. In these treat 
ments, oxygen recovers the crystallinity of the ferroelectric 
?lm. 

[0009] Furthermore, in a conventional method, after for 
mation of the capacitor element, an aluminum oxide ?lm 
covering the capacitor element is formed as a diffusion 
preventing ?lm to prevent the ferroelectric ?lm from hydro 
gen deterioration. Consequently, in order to recover damage 
to the ferroelectric ?lm sustained during patterning and 
during formation of the diffusion preventing ?lm, heat 
treatment is again carried out in the oxygen atmosphere. 
Thereafter, an interlayer insulating ?lm is formed. 

[0010] Another method is disclosed in Patent Document 1 
(Japanese Patent Application Laid-open No. Hei 5-251351). 
In the method disclosed in Patent Document 1, various types 
of heat treatment are carried out on the ferroelectric ?lm in 
the oxygen atmosphere, aiming at obtaining a ferroelectric 
?lm having no oxygen holes, no generation of leakage 
current even by applying an electric ?eld, and maintaining 
a dielectric constant. As the heat treatment, a method of 
irradiating ultraviolet rays to oZone or oxygen gas, heat 
treatment in an oxygen atmosphere under high pres sure, and 
heat treatment using oZone gas can be cited. 

[0011] Still another method is disclosed in Patent Docu 
ment 2 (Japanese Patent Application Laid-open No. 2002 
305289). In the method disclosed in Patent Document 2, by 
forming a PZT ?lm Which contains more Pb in composi 
tional ratio than the PZT ?lm as the capacitor insulating ?lm 
after heat treatment to recover from damage to a ferroelectric 
capacitor, a side Wall ?lm is formed above a side surface of 
the ferroelectric capacitor. Due to such a side Wall insulating 
?lm, the in?uence of hydrogen, H20 and the like existing in 
a TEOS ?lm Which is formed thereafter, is reduced so that 
deterioration of the PZT ?lm characteristics is reduced. 

[0012] HoWever, even With the above-described methods, 
a ferroelectric capacitor having a suf?cient characteristic 
cannot be obtained. 

[0013] For instance, With the method disclosed in Patent 
Document 1, since crystal orientation of the obtained ferro 
electric ?lm is loW, residual polarization is loW. 

[0014] With the method disclosed in Patent Document 2, 
When performing heat treatment to recover from damage to 
the ferroelectric capacitor, element having the highest vapor 
pressure moves out from an exposed portion of the ferro 
electric ?lm, and pin holes are formed in the ferroelectric 
?lm. In other Words, When the PZT ?lm is used, Pb loss 
comes out. Such Pb loss loWers a sWitching characteristic of 
the ferroelectric capacitor, and loWers an initial character 
istic and retention. The occupation rate of the exposed 
portion Where such loss occurs to the Whole ferroelectric 
capacitor increases as the semiconductor integrated circuit 
becomes ?ner and ?ner. Accordingly, problems caused by 
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such loss have been manifested recently. Furthermore, as the 
occupation rate increases, it becomes difficult to uniformly 
correct the Pb loss even When later forming a side Wall ?lm 
made from a PZT having plenty of Pb. 

[0015] Moreover, With the method disclosed in Patent 
Document 2, due to the existence of the side Wall ?lm, a 
composition in the capacitor insulating ?lm is easy to 
become uneven. Accordingly, the sWitching electric charge 
is apt to be loWered and imprint is apt to occur. 

[0016] Patent Document 1 

[0017] Japanese Patent Application Laid-open No. Hei 
5-251351 

[0018] Patent Document 2 

[0019] Japanese Patent Application Laid-open No. 2002 
305289 

SUMMARY OF THE INVENTION 

[0020] An object of the present invention is to provide a 
method of manufacturing a semiconductor device Which can 
improve compositional evenness of the insulating ?lm of a 
ferroelectric capacitor. 

[0021] In a method of manufacturing the semiconductor 
device according to the present invention, after forming a 
laminate composed of a bottom electrode ?lm Which is a raW 
material ?lm of a bottom electrode, a ferroelectric ?lm 
Which is a raW material ?lm of a capacitor insulating ?lm, 
and a top electrode ?lm Which is a raW material ?lm of a top 
electrode, of a ferroelectric capacitor, at least the top elec 
trode ?lm is patterned. Next, an evaporation preventing ?lm 
is formed. The evaporation preventing ?lm covers at least an 
exposed portion of the ferroelectric ?lm and contains the 
same elements as that of the ferroelectric ?lm. Then, damage 
to the ferroelectric ?lm is recovered by heat treatment in an 
oxidative atmosphere. It should be noted that heat treatment 
is not performed betWeen a step of patterning the top 
electrode ?lm and a step of forming the evaporation pre 
venting ?lm. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] FIG. 1 is a circuit diagram shoWing a structure of 
a memory cell array of a ferroelectric memory (semicon 
ductor device) manufactured by a method according to an 
embodiment of the present invention; 

[0023] FIGS. 2A to 2F are sectional vieWs shoWing a 
method of manufacturing the ferroelectric memory (semi 
conductor device) according to a ?rst embodiment of the 
present invention; 

[0024] FIG. 3 is a graph shoWing an amount of sWitching 
electric charge; 

[0025] FIG. 4 is a graph shoWing leakage current; 

[0026] FIG. 5 is a graph shoWing P and U values in FIG. 
7; 

[0027] FIG. 6 is a graph shoWing the sWitching electric 
charge and P-U values; 

[0028] FIG. 7 is a graph shoWing a relation betWeen 
applied voltage and an amount of polariZation; 
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[0029] FIG. 8 is a sectional vieW shoWing a method of 
manufacturing the ferroelectric memory (semiconductor 
device) according to a second embodiment of the present 
invention; and 

[0030] FIG. 9 is a sectional vieW shoWing a method of 
manufacturing the ferroelectric memory (semiconductor 
device) according to a third embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0031] Hereinafter, embodiments of the present invention 
Will be explained concretely With reference to the attached 
draWings. FIG. 1 is a circuit diagram shoWing a structure of 
a memory cell array of a ferroelectric memory (semicon 
ductor device) manufactured by a method according to an 
embodiment of the present invention. 

[0032] Multiple bit lines 3 extending in one direction, 
multiple Word lines 4 and plate lines 5 extending orthogo 
nally to the extending direction of the bit lines 3 are provided 
in the memory cell array. Further, plural memory cells of the 
ferroelectric memory according to the present embodiment 
are arranged in an array so as to match to the lattice 
composed of these bit lines 3, Word lines 4, and the plate 
lines 5. Ferroelectric capacitors 1 and MOS transistors 2 are 
provided in the respective memory cells. 

[0033] The gates of the MOS transistors 2 are connected 
to the Word lines 4. A source/drain on one side of the MOS 
transistor 2 is connected to the bit line 3 and the other 
source/drain is connected to one end of the electrode of the 
ferroelectric capacitor 1. The other electrode of the ferro 
electric capacitor 1 is connected to the plate line 5. Note that 
the respective Word lines 4 and the plate lines 5 are held in 
common by the plurality of MOS transistors 2 lined in the 
same direction as the direction these lines extend. Similarly, 
the respective bit lines 3 are held by plural pieces of the 
MOS transistors 2 lined in the same direction as the direction 
the bit lines 3 extend. The direction toWard Which the Word 
lines 4 and the plate lines 5 extend, and the direction toWard 
Which the bit lines 3 extend, are sometimes called a line 
direction and a roW direction respectively. 

[0034] In the memory cell array of the ferroelectric 
memory thus structured, data are stored according to the 
polariZation state of a ferroelectric ?lm provided in the 
ferroelectric capacitor 1. 

First Embodiment 

[0035] The ?rst embodiment of the present invention Will 
be explained next. FIGS. 2A to 2F are sectional vieWs 
shoWing a method of manufacturing the ferroelectric 
memory (semiconductor device) according to the ?rst 
embodiment of the present invention in process order. Note 
that in FIGS. 2A to 2F, a portion corresponding to tWo 
pieces of the MOS transistors holding one bit lines (corre 
sponding to the bit line 3 in FIG. 1) in common is shoWn. 

[0036] In the ?rst embodiment, ?rst, as shoWn in FIG. 2A, 
element separation regions 12 and Wells 13 are formed on 
the surface of the semiconductor substrate 11 of a silicon 
substrate or the like. Then, gate insulating ?lms 17, gate 
electrodes 18, cap ?lms 19, side Walls 20, source/drain 
diffusion layers 15, and silicide layers 16 are formed on the 
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surface of the Well 13 so as to form MOS transistors 14 as 
switching elements. The MOS transistors 14 correspond to 
the MOS transistors 2 in FIG. 1. Note that tWo source/drain 
dilfusion layers 15 are formed for the source and drain in the 
respective MOS transistors 14, and one of them is held in 
common by the tWo MOS transistors 14. 

[0037] Next, a silicon oxynitride ?lm 21 is formed over 
the entire surface so as to cover the MOS transistors 14, then 
a SiO2 ?lm 22 is formed over the entire surface as an 
interlayer insulating ?lm, and the SiO2 ?lm 22 is ?attened 
With a CMP (chemical mechanical polishing) or the like. The 
silicon oxynitride ?lm 21 is formed to prevent the gate 
insulating ?lms 17 and the like from hydrogen deterioration 
When forming the SiO2 ?lm 22. Then, degassing of mainly 
SiO2 22 is carried out by annealing for 30 minutes at 650° 
C. in a nitrogen gas atmosphere. 

[0038] Thereafter, as shoWn in FIG. 2B, an aluminum 
oxide ?lm 23 is formed above the SiO2 ?lm 22 as a bottom 
electrode adhesion layer by a sputtering method. The thick 
ness of the aluminum oxide ?lm 23 is set to be, for example, 
about 20 nm. As the bottom electrode adhesion layer, a 
titanium ?lm or TiOx ?lm of about 20 nm in thickness may 
be formed. Then, a platinum ?lm 24 is formed above the 
aluminum oxide ?lm 23 as the bottom electrode ?lm by a 
sputtering method. The thickness of the platinum ?lm 24 is 
set to be, for instance, about 150 nm. 

[0039] Then, a PLZT ?lm 25 is formed as the ferroelectric 
?lm above the Pt ?lm 24 in an amorphous state by a 
sputtering method. Next, the PLZT ?lm 25 is heat treated at 
600° C. or loWer in an atmosphere containing Ar and O2 by 
an RTA (Rapid Thermal Annealing) method. As a result, the 
PLZT ?lm 25 is crystalliZed, and at the same time, the Pt 
?lm 24 is closely packed, and mutual diffusion of Pt and O 
in the vicinity of a boundary surface betWeen the Pt ?lm 24 
and the PLZT ?lm 25 is restrained. 

[0040] Thereafter, an lrOx ?lm 2611 (12x22) is formed 
above the PLZT ?lm 25 as a portion of the top electrode ?lm 
by a sputtering method. The thickness of the lrOx ?lm 26a 
is set to be about 50 nm, for example. Then, heat treatment 
is carried out by an RTA method. As a result, the PLZT ?lm 
25 is completely crystallized, and at the same time, a very 
small quantity of Ir is dilfused from the lrOx ?lm 26a to the 
PLZT ?lm 25, and the electric characteristic of the ferro 
electric capacitor is improved. Next, an lrOx ?lm 26b is 
formed on the lrOx ?lm 26a as the other portion of the top 
electrode ?lm by a sputter method. The thickness of the lrOX 
?lm 26b is set to be about 200 nm, for example. A top 
electrode ?lm 26 is formed of the lrOX ?lm 26a and the lrOX 
?lm 26b. Next, the back (reverse side) of the semiconductor 
substrate (Wafer) 11 is Washed. 

[0041] Thereafter, as shoWn in FIG. 2C, the top electrode 
of the ferroelectric capacitor is formed from the top elec 
trode ?lm 26 by patterning the lrOx ?lm 26a and the lrOx 
?lm 26b. Then, a PLZT ?lm 27 covering the top electrode 
?lm 26 and the PLZT ?lm 25 is formed by a sputtering 
method as an evaporation preventing ?lm to prevent Pb in 
the PLZT ?lm 25 from evaporating. The thickness of the 
PLZT ?lm 27 is set to be, for example, about 20 nm to 50 
nm. Then, the PLZT ?lm 27 is crystalliZed by heat treatment. 
Note that the crystallization annealing can be omitted. 

[0042] Then, recovery annealing is carried out to recover 
the characteristic of the PLZT ?lm 25 in a state such that the 
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PLZT ?lm 25 is covered With the PLZT ?lm 27. The 
recovery annealing is carried out, for example, for 60 
minutes at 6500 C. in an O2 atmosphere. By this recovery 
annealing, damage sustained to the PLZT ?lm 25 during 
formation of the top electrode ?lm 26 and patterning thereof 
is recovered. At this time, although Pb may evaporate from 
the PLZT ?lm 27, there is no evaporation of Pb from the 
PLZT ?lm 25, and the compositional uniformity in the 
PLZT ?lm 25 can be maintained. Note that as an atmosphere 
for the recovery annealing, an oxidative atmosphere is 
sufficient; there is no need for an oxygen gas atmosphere. 
The recovery annealing is preferably performed at 6000 C. 
to 7000 C. 

[0043] After the recovery annealing, as shoWn in FIG. 2D, 
the portion on the top electrode of the PLZT ?lm 27 is 
removed by patterning the PLZT ?lm 27. At this time, all of 
the PLZT ?lm 27 may be removed by performing Whole 
surface etch back. 

[0044] Next, as shoWn in FIG. 2E, the capacitor insulating 
?lm of the ferroelectric capacitor is formed from the PLZT 
?lm 25 by patterning the PLZT ?lm 25. At this time, the 
PLZT ?lm 27 is also patterned. Further, by patterning the Pt 
?lm 24, the bottom electrode of the ferroelectric capacitor is 
formed from the Pt ?lm 24. The ferroelectric capacitor is 
formed in this manner. The ferroelectric capacitor corre 
sponds to the ferroelectric capacitor 1 in FIG. 1. After that, 
in order to restrain hydrogen deterioration of the PLZT ?lm 
25, an aluminum oxide ?lm 28 is formed as a diffusion 
preventing ?lm to prevent hydrogen from diffusing into the 
PLZT ?lm 25 from outside. The thickness of the aluminum 
oxide ?lm 28 is, for example, about 50 nm in the case of 
forming by a sputtering method, and about 20 nm to about 
50 nm in the case of forming by an MOCVD method 
because coverage is better. 

[0045] Thereafter, as shoWn in FIG. 2F, an interlayer 
insulating ?lm 29 is formed over the entire surface, and the 
surface thereof is made ?at. Then, contact holes reaching the 
silicide layers 16 of the MOS transistors 14 are formed. And 
conductive plugs 32 are formed by burying barrier metal 
?lms 30 and W ?lms 31. Next, contact holes reaching the top 
electrodes of the ferroelectric capacitors and contact holes 
reaching the bottom electrodes thereof are formed. Then, 
Wirings 36 including barrier metal ?lms 33, Al ?lms 34, and 
barrier metal ?lms 35 are formed inside the contact holes 
and above the interlayer insulating ?lm 29. A part of the 
Wirings 36 Which are connected to the bottom electrodes 
function a part of the plate lines 5 in FIG. 1. Moreover, an 
interlayer insulating ?lm 37 is formed over the entire 
surface. Then, a contact hole reaching the conductive plug 
32 Which is connected to the silicide layer 16 above the 
diffusion layer 15 Which is oWned jointly by the tWo MOS 
transistors 14 is formed in the interlayer insulating ?lm 37. 
And by burying a barrier metal ?lm 38 and a W ?lm 39 in 
this contact hole, a conductive plug 40 is formed. The 
conductive plug 40 functions a part of the bit line 3 in FIG. 
1. 

[0046] Thereafter, upper Wirings and upper interlayer 
insulating ?lms are formed, and so on. Then, a cover ?lm 
including, for example, a TEOS ?lm and an SiN ?lm is 
formed to accomplish a ferroelectric memory having a 
ferroelectric capacitor. 
[0047] According to the ?rst embodiment as above, since 
recovery annealing of the PLZT ?lm 25 containing volatile 
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Pb is carried out in a state such that the PLZT ?lm 25 is 
covered With the PLZT ?lm 27, Pb loss of the PLZT ?lm 25 
is not created. Accordingly, the uniformity of the composi 
tion is maintained, and a favorable characteristic can be 
obtained. 

[0048] Whereas, in a conventional method, since recovery 
annealing is carried out in a state such that a portion of the 
ferroelectric ?lm forming the ferroelectric capacitor is 
exposed, Pb evaporates partially from a portion to be a 
capacitor insulating ?lm of the ferroelectric ?lm, resulting in 
deviation of the composition of the capacitor insulating ?lm. 
Furthermore, the evaporation of Pb accompanies a loWering 
of the ferroelectric characteristic. Note that if heat treatment 
is carried out at loWer than 4000 C., it may be possible to 
prevent evaporation of Pb, but damage to the ferroelectric 
?lm cannot be recovered at this temperature. Further, even 
With a method to perform recovery annealing in a state such 
that the capacitor insulating ?lm is covered With an alumi 
num oxide ?lm, since Pb in the capacitor insulating ?lm is 
accumulated near the interface With the aluminum oxide ?lm 
so that a portion loWer in Pb concentration than other 
portions is created, the uniformity in composition is loW 
ered. 

[0049] Here, regarding the ?rst embodiment, results of 
experiments actually performed by the present inventor Will 
be explained. 

First Experiment 
[0050] In the ?rst experiment, samples Were prepared 
according to six methods. A planar shape of the ferroelectric 
capacitor Was set to be a square 50 pm on a side. A 
ferroelectric capacitor of this siZe (discrete) is generally not 
used for a memory cell, but is used for a smoothing circuit. 

[0051] In forming a ?rst sample (sample No. 1), an 
aluminum oxide ?lm of 50 nm in thickness Was formed as 
a diffusion preventing ?lm covering the ferroelectric capaci 
tor after forming the ferroelectric capacitor by patterning the 
top electrode ?lm, the PLZT ?lm and the bottom electrode 
in sequence. Next, recovery annealing Was performed for 60 
minutes at 650° C. in an oxygen atmosphere. Then, the 
portion on the top electrode of the aluminum oxide ?lm Was 
etched back. Thereafter, Wiring Was formed similarly to the 
?rst embodiment. A second sample (sample No. 2) Was 
prepared similarly to the ?rst sample except that an alumi 
num oxide ?lm of 20 nm in thickness Was formed as a 
diffusion preventing ?lm. Athird sample (sample No. 3) Was 
prepared similarly to the ?rst sample except omitting etch 
back treatment performed When forming the ?rst sample. A 
fourth sample (sample No. 4) Was prepared similarly to the 
?rst sample except that a PLZT ?lm of 50 nm in thickness 
Was formed as an evaporation preventing ?lm instead of the 
diffusion preventing ?lm. A ?fth sample (sample No. 5) Was 
prepared similarly to the ?rst sample except that a PLZT ?lm 
of 20 nm in thickness Was formed as an evaporation pre 
venting ?lm instead of the diffusion preventing ?lm. A sixth 
sample (sample No. 6) Was prepared similarly to the ?rst 
sample except that the order of performing recovery anneal 
ing and formation of the aluminum oxide ?lm Was trans 
posed. Among these samples, sample No 4 and sample No. 
5 relate to the embodiments of the present invention and 
other samples are comparative examples. 

[0052] Then, the sWitching charge amount QsW at the time 
of the applied voltage to the ferroelectric capacitor Was 3V 
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and the leakage current at the time of the applied voltage to 
the ferroelectric capacitor Was +5 V Were measured for these 
samples. The measurements Were performed 40 times per 
sample (one Wafer). Here, a positive applied voltage indi 
cates that the potential of the bottom electrode Was made 
higher than the potential of the top electrode. These results 
are shoWn in FIG. 3 and FIG. 4. 

[0053] As shoWn in FIG. 3, the sWitching charge amounts 
QsW of samples No. 4 and No. 5 according to the embodi 
ments Were by no means inferior to the comparative 
examples. The fact that the sWitching charge amount QsW of 
sample No. 1 according to the comparative example Was 
loWer than other samples Was considered to be because the 
effect of the recovery annealing had been insuf?cient due to 
the relatively thick aluminum oxide ?lm. Further, as shoWn 
in FIG. 4, the leakage current for samples No. 4 and No. 5 
according to the embodiments Were equal to those for the 
comparative examples. 

Second Experiment 

[0054] Also in the second experiment, samples Were pre 
pared according to six methods. A planar shape of the 
ferroelectric capacitor Was set to be a rectangle 1.15 
p.m><I.80 pm. A ferroelectric capacitor of this siZe is gener 
ally used for a memory cell. The methods of preparing 6 
kinds of samples Were the same as the ?rst experiment. 

[0055] Hysteresis loops each shoWing a relation betWeen 
applied voltage and amount of polarization as shoWn in FIG. 
7 Were determined for these samples, and from these hys 
teresis loops, various values Were determined. These results 
are shoWn in FIGS. 5 and 6. Note that the sWitching charge 
amount QsW is a value determined by the folloWing Equa 
tion 1 using values P, U, N and D obtained from the 
hysteresis loops. 

_ (P- U) + (N — D) (Equation 1) 

[0056] As shoWn in FIGS. 5 and 6, in Sample No. 4, P and 
U values Were higher than other samples, and the sWitching 
charge amount QsW Was remarkably higher than those of 
other samples. Especially, When compared With sample No. 
6, the increase of the sWitching charge amount QsW Was 
about 8%. In sample No. 5, P value and U value Were not so 
high as sample No. 4 When compared With the comparison 
examples, but the sWitching charge amount QsW Was high. 

[0057] Note that the ?rst embodiment can be applied to a 
ferroelectric capacitor having not a planar structure but a 
stacked structure. 

Second Embodiment 

[0058] Next, the second embodiment of the present inven 
tion Will be explained. FIG. 8 is a sectional vieW shoWing 
a method of manufacturing a ferroelectric memory (semi 
conductor device) relating to the second embodiment of the 
present invention. A ferroelectric capacitor in a stacked 
structure is formed in the second embodiment. 

[0059] In the second embodiment, after forming an inter 
layer insulating ?lm 22, a contact hole is formed in the 
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interlayer insulating ?lm 22 and a conductive plug 51 is 
buried in the contact hole. Then, a Pt ?lm 24 as a bottom 
electrode ?lm, a PLZT ?lm 25 as a ferroelectric ?lm, and a 
top electrode ?lm 26 composed of tWo IrOX ?lms, are 
formed in sequence. Then, by patterning the top electrode 
?lm 26 and the PLZT ?lm 25 collectively, a top electrode 
and a capacitor insulating ?lm are formed. Thereafter, a 
PLZT ?lm 27 is formed as an evaporation preventing ?lm 
covering the top electrode ?lm 26 and the PLZT ?lm 25. 
Then, similarly to the ?rst embodiment, recovery annealing 
is carried out in a state such that the sides of the PLZT ?lm 
25 are covered With the PLZT ?lm 27. Next, the portion on 
the top electrode of the PLZT ?lm 27 is removed. Then, an 
aluminum oxide ?lm 28 is formed as a diffusion preventing 
?lm. Thereafter, the aluminum oxide ?lm 28, the PLZT ?lm 
27, and the Pt ?lm 24 are patterned to form a bottom 
electrode. Then, formation of an interlayer insulating ?lm, 
formation of Wiring for a ferroelectric capacitor in a stacked 
structure, and the like are carried out. Further, a cover ?lm 
and the like are formed, so that a ferroelectric memory 
having the ferroelectric capacitor is completed. 

[0060] Also in the second embodiment, since recovery 
annealing of the PLZT ?lm 25 containing volatile Pb is 
carried out in a state such that the PLZT ?lm 25 is covered 
With the PLZT ?lm 27 being an evaporation preventing ?lm, 
Pb loss of the PLZT is not created, similarly to the ?rst 
embodiment. Accordingly, the compositional uniformity is 
maintained, and a favorable characteristic can be obtained. 

[0061] Note that, it is possible to apply the second embodi 
ment to the formation of a ferroelectric capacitor in a planar 
structure. 

Third Embodiment 

[0062] Next, the third embodiment of the present inven 
tion Will be explained. FIG. 9 is a sectional vieW shoWing 
a method of manufacturing a ferroelectric memory (semi 
conductor device) relating to the third embodiment of the 
present invention. In the third embodiment, similarly to the 
second embodiment, a ferroelectric capacitor in a stacked 
structure is formed. 

[0063] In the third embodiment, after forming a Pt ?lm 24 
as a bottom electrode ?lm, a PLZT ?lm 25 as a ferroelectric 

?lm, and a top electrode ?lm 26 composed of tWo IrOx ?lms 
in sequence similarly to the second embodiment, by pat 
terning the top electrode ?lm 26, the PLZT ?lm 25 and the 
Pt ?lm 24 collectively, a top electrode, a capacitor insulating 
?lm, and a bottom electrode are formed. Next, a PLZT ?lm 
27 is formed as an evaporation preventing ?lm covering the 
top electrode ?lm 26, the PLZT ?lm 25, and the bottom 
electrode. Then, similarly to the ?rst and second embodi 
ments, recovery annealing is carried out in a state such that 
the sides of the PLZT ?lm 25 are covered With the PLZT 
?lm 27. Thereafter, the portion on the top electrode of the 
PLZT ?lm 27 is removed. Then, an aluminum oxide ?lm 28 
is formed as a diffusion preventing ?lm. Then, formation of 
an interlayer insulating ?lm, formation of Wiring for a 
ferroelectric capacitor in a stacked structure, and the like are 
carried out. Further, a cover ?lm and the like are formed, so 
that a ferroelectric memory having the ferroelectric capaci 
tor is completed. 

[0064] Also in the third embodiment, since recovery 
annealing of the PLZT ?lm 25 containing volatile Pb is 
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performed in a state such that the PLZT ?lm 25 is covered 
With the PLZT ?lm 27 being an evaporation preventing ?lm, 
no Pb loss in the PLZT ?lm 25 is created similarly to the ?rst 
and second embodiments. Accordingly, the compositional 
uniformity is maintained and a favorable characteristic can 
be obtained. 

[0065] Note that the third embodiment can be applied to 
formation of a ferroelectric capacitor in a planar structure. 

[0066] In these ?rst to third embodiments, the portion on 
the top electrode of the PLZT ?lm 27 is removed. This is 
because, When the Wiring (plug) connected to the top elec 
trode contains aluminum (Al), there is a possibility that 
contact betWeen the Wiring and the top electrode might be 
hindered by the PLZT ?lm 27. HoWever, When Wiring (plug) 
connected to the top electrode does not contain aluminum 
(Al), for instance, a W plug, such a harmful effect is not 
created. Accordingly, in such a case, there is no need to 
provide a step aiming only at removing the portion on the 
top electrode of the PLZT ?lm 27, or etching back the entire 
surface of the PLZT ?lm 27. In this case, it is su?icient to 
form an opening in the PLZT ?lm 27 during a series of steps 
in Which a contact hole is formed in the interlayer ?lm on the 
PLZT ?lm 27 . 

[0067] Furthermore, as the ferroelectric ?lm, it is also 
possible to use, other than the PLZT ?lm, a PZT (Pb (Zr, Ti)) 
03) ?lm, a Perovskite structured compound ?lm such as a 
?lm prepared by adding a minute amount of Ca, Sr, Si or the 
like to the PZT ?lm, or a Bi layered structured compound 
?lm such as SBT (SrBi2Ta2O9) and the like. Further, a 
method of forming a ferroelectric ?lm is not limited to any 
speci?c method; it is possible to form a ferroelectric ?lm by 
a sol-gel method, a sputtering method, an MOCVD method 
or the like. 

[0068] Further, materials for the top electrode ?lm and the 
bottom electrode ?lm are not limited. As the top electrode 
?lm, for example, an oxide ?lm of Ir, Ru, Pt, Rh or Pd can 
be used, or a stacked body of these oxide ?lms can be used. 
Furthermore, a stacked body Which is structured by forming 
an SrRuO3 ?lm on these oxide ?lms. As the bottom elec 
trode, for example, a ?lm made of Pt, Ir, Ru or Pd, or alloy 
?lms of these elements can be used, or a stacked body of 
these ?lms can be used. 

INDUSTRIAL APPLICABILITY 

[0069] As described-above in detail, according to the 
present invention, it is possible to restrain compositional 
?uctuation of a capacitor insulating ?lm due to heat treat 
ment. Accordingly, even When su?icient recovery annealing 
is given, loWering of the sWitching characteristics can be 
restrained. 

What is claimed is: 

1. A method of manufacturing a semiconductor device, 
comprising the steps of: 

forming laminate composed of a bottom electrode ?lm 
being a raW material ?lm of a loW electrode, a ferro 
electric ?lm being a raW material ?lm of a capacitor 
insulating ?lm and a top electrode ?lm being a raW 
material ?lm of the top electrode, of a ferroelectric 
capacitor; 
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patterning at least said top electrode ?lm; 

forming an evaporation preventing ?lm covering an 
exposed portion of at least said ferroelectric ?lm, said 
evaporation preventing ?lm containing the same ele 
ment as said ferroelectric ?lm; and 

performing heat treatment for said ferroelectric ?lm in an 
oxidative atmosphere so as to recover from sustained 
damage, 

Wherein heat treatment is not performed betWeen pattem 
ing said top electrode and forming said evaporation 
preventing ?lm. 

2. The method of manufacturing a semiconductor device 
according to claim 1, Wherein 

a ?lm containing an element Which evaporates at a 
temperature at Which said heat treatment to recover said 
ferroelectric ?lm from damage is carried out is formed 
as said ferroelectric ?lm, and 

a ?lm containing said element is formed as said evapo 
ration preventing ?lm. 

3. The method of manufacturing a semiconductor device 
according to claim 2, Wherein said element is Pb. 

4. The method of manufacturing a semiconductor device 
according to claim 1, further comprising a step of forming 
a diffusion preventing ?lm to prevent diffusion of hydrogen 
into said ferroelectric ?lm after the step of performing said 
heat treatment. 

5. The method of manufacturing a semiconductor device 
according to claim 1, Wherein said top electrode ?lm and 
ferroelectric ?lm are patterned collectively in the step of 
patterning at least said top electrode ?lm. 

6. The method of manufacturing a semiconductor device 
according to claim 1, Wherein said top electrode ?lm, 
ferroelectric ?lm and bottom electrode ?lm are patterned 
collectively in the step of patterning at least said top elec 
trode ?lm. 

7. The method of manufacturing a semiconductor device 
according to claim 1, further comprising a step of removing 
the portion on said top electrode ?lm of said evaporation 
preventing ?lm by patterning after the step of performing 
said heat treatment. 

8. The method of manufacturing a semiconductor device 
according to claim 1, further comprising a step of removing 
said evaporation preventing ?lm by etch-back entire-surface 
after the step of performing said heat treatment. 
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9. The method of manufacturing a semiconductor device 
according to claim 7, further comprising a step of forming 
a Wiring connected to said top electrode and containing Al 
after the step of removing the portion of said evaporation 
preventing ?lm. 

10. The method of manufacturing a semiconductor device 
according to claim 8, further comprising a step of forming 
a Wiring connected to said top electrode and containing Al 
after the step of removing the portion of said evaporation 
preventing ?lm. 

11. The method of manufacturing a semiconductor device 
according to claim 1, Wherein said heat treatment is per 
formed in an oxygen atmosphere. 

12. The method of manufacturing a semiconductor device 
according to claim 1, Wherein said heat treatment is per 
formed at a temperature of 600° C. to 700° C. 

13. The method of manufacturing a semiconductor device 
according to claim 1, Wherein a conductive ?lm containing 
a noble metal oxide is formed as said top electrode ?lm. 

14. The method of manufacturing a semiconductor device 
according to claim 13, Wherein an oxide of one element 
selected from a group consisting of Ir, Ru, Pt, Rh and Pd is 
used as said noble metal oxide. 

15. The method of manufacturing a semiconductor device 
according to claim 1, Wherein a Perovskite structured com 
pound ?lm or a bismuth layered structured compound ?lm 
is formed as said ferroelectric ?lm. 

16. The method of manufacturing a semiconductor device 
according to claim 1, Wherein a ?lm selected from a group 
consisting of an Ir ?lm, a Ru ?lm, a Pt ?lm and a Pd ?lm is 
formed as said bottom electrode ?lm. 

17. The method of manufacturing a semiconductor device 
according to claim 1, Wherein an oxide ?lm containing one 
element selected from a group consisting of Ir, Ru, Pt and Pd 
is formed as said bottom electrode ?lm. 

18. The method of manufacturing a semiconductor device 
according to claim 1, Wherein said ferroelectric ?lm is 
formed by a sol-gel method, a sputtering method or an 
MOCVD method. 

19. The method of manufacturing a semiconductor device 
according to claim 4, Wherein an aluminum oxide ?lm is 
formed as said diffusion preventing ?lm. 


